The single most important task of knowledge management (KM) performance measurement is comparing your company with its main rivals. Most of the metrics and methods of knowledge measurement that have been developed are concentrated on measuring the knowledge within the organization, which may be nice to know, but is not critical. In this paper, we propose a methodology for comparing a firm's knowledge management performance with its major rivals using the Analytical Network Process (ANP) to obtain a clear direction of the effort required to gain or maintain a competitive advantage. The ANP approach employed in the present study is a theory of multiple criteria decision making (MCDM), and is good at dealing with tangible and intangible information. Our methodology is designed to make a detailed comparison of a firm's KM performance with that of its main rivals, in order to be able to provide effective information for improving its KM and to increase its decision-making quality. This paper makes three important contributions: (1) it develops a comprehensive model, which incorporates a variety of issues for conducting KM performance measurements in comparison with major rivals; (2) case experience is provided to help us understand the advantages and disadvantages of the methodology for KM performance measurement from a practical point of view, and (3) the results obtained from exploring the case firm present changes that the case firm can make, implying that the case firm must reinforce its knowledge creation and internalization so as to improve its position in comparison with its most competitive rivals. The method proposed by this paper is generic in nature and is applicable to benefit any firm.
Introduction
Knowledge is a critical factor in business competitiveness. It is also the future value of a firm. Nevertheless, knowledge is intangible and difficult to measure. Therefore, how to manage knowledge becomes a critical issue, and knowledge management (KM) becomes the key to success for a firm. To obtain effective KM, it is necessary to be able to measure knowledge [1] . However, it is not clear whether knowledge can be measured or not [2] . Despite the various studies trying to develop metrics and methods to measure knowledge [3] [4] [5] , people think knowledge measurement is one of the most difficult parts of the KM activities [6] . Some studies argue that knowledge cannot be measured, but that the activities or outcomes associated with applying knowledge can be measured [7] . However, most of the metrics and methods of knowledge measurement that have been developed are concentrated on measuring the knowledge within the organization, which in fact misses the main point. The crucial issue for KM performance measurement is to attain a competitive advantage. Therefore its most important task is to compare the company's KM performance with that of its major competitors, to find out what is required to attain the competitive edge.
To achieve this aim, this paper proposes a methodology for comparing a firm's KM performance with that of its major rivals using the analytical network process (ANP). The ANP is a theory of multiple criteria decision making (MCDM) and is good at dealing with tangible and intangible information. The methodology is designed to compare a firm's knowledge management performance against that of its major rivals, and then offers effective information for knowledge management and decision making. This paper adopts the ANP because it is a multi-attribute decision-making approach based on the reasoning, knowledge, experience, and perceptions of experts in the field. Even though it does not provide an optimal solution, it is valuable for MCDM involving intangible attributes that are associated with strategic factors [8] . One of the major advantages of using ANP is its capability to evaluate the consistency of the decision maker while making pairwise comparisons of the relevant importance of the environments.
The remainder of this paper is organized as follows. In Section 2, the background of the methodology is described. The details of the methodology are illustrated in Section 3. In Section 4, an illustrating example is presented. Then, in Section 5, some important issues, implications, limitations, and so on, are discussed. We conclude this paper in Section 6 with suggestions and future researches.
Literature review

Knowledge management performance measurement
There are four classic intangible assets measurement systems popular among practitioners, and they are:
(1) human resource accounting (HRA); Sackmann et al. [9] mentioned the objective of HRA is to qualify the economic value of people to the organization in order to provide input for managerial and financial decisions. Cost models, human resource value models, and monetary emphasis models are three types of HRA measurement models proposed by researchers. The EVA concept was first introduced by Schmalenbach and he was Germany's leading theoretician of business economics and accounting in the 1920s [10] . Afterwards, Stewart [10] used EVA as a tool to assist corporations to pursue their prime financial directive of maximizing the wealth of their shareholders. The objective of EVA is to develop a performance measure that properly accounts for all ways in which corporate value can be added or lost. Kaplan and Norton [11, 12] developed a BSC using a combination of measure in four perspectives (financial performance, customer knowledge, internal business processes, and learning and growth) to align individual, organizational, and cross-departmental initiatives. The BSC was expected to help firms test and update their strategy and meet their customers' needs and the objectives of the shareholders. Brooking [13] analyzed the multiple components of intellectual capital, and provided lists of high-level questions useful for auditing an organization's intellectual capital. Bontis et al. [14] reviewed four popular intangible asset measurement tools to present their operationalizations and critical reviews.
In recent years, the evaluation of KM performance has become increasingly important, since it promotes strategic organizational learning and so provides the capabilities required to meet customer needs [15, 16] . Some recent examples are as follows. Ahn et al. [1] developed the AP 3 methodology to assess the contribution of knowledge to business performance, by employing product and process as intermediates between the two. González et al. [17] proposed a knowledge management system (KMS) called 'a KM-centric help desk', which is designed to be incorporated into the daily operation of the help desk, to draw up diverse knowledge resources in the organization including databases, files, experts, knowledge bases, and group chats. The benefits of the KMS are evaluated using a simulation study with actual data from a help desk. Lee et al. [4] provided a knowledge management performance index (KMPI) for assessing the performance of a firm in its KM at a point in time. For the purpose of the KMPI, they defined a knowledge circulation process (KCP) as a logistics function having five components: knowledge creation, knowledge accumulation, knowledge sharing, knowledge utilization, and knowledge internalization. When the KCP efficiency increases, the KMPI expands as well, enabling firms to become knowledge-intensive.
KM performance measurement methods are broad categories of research issues. It may be said that the method developments are diversified due to researchers' backgrounds, expertise, and problem domains [18] . In prior research, we classified KM evaluation methods by using the following eight categories [19] : qualitative analysis, quantitative analysis, financial indicator analysis, nonfinancial indicator analysis, internal performance analysis, external performance analysis, projectorientated analysis, and organization-orientated analysis, together with their measurement matrices for different research and problem domains. These perspectives are summarized in Table 1 .
Knowledge management performance evaluation approaches
A qualitative analysis was finalized by using the outcomes of a pilot study and the reviews by researchers of organizational learning. For example, the success of knowledge can be shared in an organizational culture, not only technological knowledge, but also the knowledge related to behavioral factors [37] . In addition, expert interviews, critical success factors method (CSFs), and questionnaires are used to implement qualitative methods for exploring specific human problems.
The aim of quantitative analysis is to present the extent of the impact on both decision making and task performance, using historical data that is easily available, relevant, accurate, and timely. This evaluation can avoid the drawbacks of qualitative analysis, especially in the subjective judgment of empirical results. Therefore, a quantitative research approach is designed to represent a tangible, visible and comparable 'ratio'. In other words, quantitative analysis can be used to measure the explicit knowledge of an organization or an individual, with both financial and non-financial indicators as discussed below.
Traditional financial indicator analysis focuses on well-known financial measures, such as the analysis of financial statements, the payback period, the return on investment (ROI), the net present value (NPV), the return of knowledge, and Tobin's q. These methods are best-suited to measure the value of daily transaction processing systems.
In fact, the non-financial indicator analysis is different from the traditional financial statement analysis. It uses non-financial indicators, such as: how often each employee logs into the knowledge bases; how many 'times' each employee brings up a proposal, how many 'topic numbers' there are on the discussion board, and how many communities of practice are there in the company? All these indicators are related to behavioral factors and system usage situations.
Internal performance analysis focuses on process efficiency and goal achievement efficiency. These methods evaluate KM performance through the gap between target and current value. These well-known methods include ROI, NPV, balanced scorecard, performance-based evaluation, activity-based evaluation, and other models.
External performance analysis is always compared with benchmark companies, primary competitors, or the whole industry average. With benchmarking or best practices methodologies, firms are able to determine their own KM performance and compare themselves with their competition, and take appropriate action.
Recent studies of KM and organizational learning in environmental projects emphasized the difficulties of learning from projects -not only within individual projects, but also across and between projects [38] . In project-oriented analysis, nevertheless, a project organization requires particularly systematic and effective knowledge management, if it is to be used to avoid knowledge fragmentation and loss of organizational learning. In order to systematically manage the knowledge created within a project, the project itself must be systematically managed by the model.
An organization-oriented analysis is focused on the whole organization, and on the multi-dimensions and multi-layers in the firm. A KM performance evaluation can be analyzed from intellectual capital, BSC, technology, and process perspectives. The primary objective is to estimate the level of KM performance in the whole organization.
KM performance measurement: comparing with major critical rivals
The systematic evaluation of whether its KM performance is superior to each of its major rivals is a firm's most important task in KM performance measurement. This paper adopts the ANP approach Organizational-orientated analysis Intellectual capital Edvinsson, 1997 [3] ; Sveiby, 1998 [36] to judge and rank the performances of KM within a firm and compared to its major critical rivals. The rationale for choosing the ANP is that the ANP approach is a theory of measurement for dealing with tangible and intangible criteria which is well suited to group decision making, offering numerous benefits as a synthesizing mechanism. The analytical hierarchical process (AHP) introduced by T.L. Thomas is a well-known and popular method of MCDM [39] . The AHP is based on a firm theoretical foundation, as illustrated by examples in the literature and the day-to-day operations of various governmental agencies, corporations and consulting firms. The AHP is a viable and usable decision-making tool [40] . The ANP is a more general form of the AHP. Whereas the AHP models a decision-making framework using a unidirectional hierarchical relationship among decision levels, the ANP allows for the ability to model more complex and dynamic environments that are more evident at strategic planning levels influenced by ever changing external forces [41] . The ANP approach has been defined as a non-linear network relationship among various factors [42] .
Like the AHP, the ANP is used to derive ratio scales from both discrete and continuous paired comparisons in multilevel network structures. These comparisons may be taken from actual measurements or from a fundamental scale that reflects the related strength of preferences and feelings [43] . The advantages include ease of use, over-specification of judgment, built-in consistency tests, use of proper measurement scales, and applicability in the elicitation of utility function [44] .
The ANP approach is capable of handling interdependence among elements by obtaining the composite weights through the development of a 'supermatrix' [45] . Saaty [46] explains the supermatrix concept as a parallel to the Markov chain process. The methodology for evaluating KM performance follows a series of steps:
Step 1: Model construction and problem structuring. To construct a model to be evaluated is the first step.
Step 2: Pairwise comparison matrices of interdependent levels. Eliciting preferences of various attributes and components will require a series of pairwise comparisons where each member of the expert group will compare two components at a time with respect to an upper level 'control' criterion.
Step 3: KM performance calculation. It contains the supermatrix formation and the calculation of the 'desirability index'. The supermatrix is a partitioned matrix, where each submatrix is composed of a set of relationships between two levels in the graphical model. The final computation is the calculation of the 'desirability index'.
Step 4: Analyze the KM performance. Using the results of the KM performance calculation, we analyze the KM performance within the case firm and among its major rivals.
Before we use the ANP it is necessary to identify its advantages and disadvantages to fit this research. Ravi et al. [47] summarized the advantages and the disadvantages of the ANP as follows. Advantages of the ANP:
(1) The ANP is a comprehensive technique that includes relevant tangible as well as intangible criteria, which have some bearing on the decision-making process.
(2) The ANP allows for a more complex relationship among the decision levels and attributes, as it does not require a strict hierarchical structure, whereas the AHP models a decision-making framework that assumes a unidirectional hierarchical relationship among the decision levels.
(3) The ANP allows for the consideration of interdependencies among and between levels of criteria and thus is an attractive multi-criteria decision-making tool. This feature makes it superior to AHP, which fails to capture interdependencies among different enablers, criteria, and subcriteria.
(4) The ANP is beneficial in taking both qualitative as well as quantitative characteristics into consideration that need to be considered, as well as considering non-linear interdependent relationship among the attributes.
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(5) The ANP provides synthetic scores, which is considered a crucial indicator of the relative ranking of different alternatives available to the decision maker.
Disadvantages of the ANP:
(1) The ANP requires more calculations and formation of additional pairwise comparison matrices as compared to the AHP process. Therefore, a careful track of matrices and pairwise comparisons of attributes is necessary.
(2) Identifying the relevant attributes of the problem and determining their relative importance in the decision-making process requires brainstorming sessions and extensive discussion. Also, data acquisition is a very time-intensive process for the ANP methodology.
(3) The pairwise comparisons under consideration can only be performed subjectively, and hence the accuracy of their results depends on the expertise of the expert involved in the area concerned.
While confirming the advantages of the ANP that fit the research in this paper, we must also respond to the disadvantages of the ANP. First, we have to organize an experienced expert team with appropriate expertise in the area concerned. Second, sufficient time and manpower must be allowed for data collection. Third, we must adopt useful tools such as 'Expert Choice' and 'Mathematica' for the calculations and formation of pairwise comparison matrices
Model construction and problem structuring
To structure a KM performance measurement into its basic components to be evaluated is the first step. The relevant criteria and alternatives that are chosen on the basis of the review of literature and discussion with both industry and academia are structured in the form of a control hierarchy (see Figure 1) , where the overall objective is to evaluate the KM performance within the case firm and between the case firm and its major critical rivals. The second-level criteria are stock price, price earnings ratio (PER), and research and development expenditure (R&D E) that are termed the indicators of KM performance, as tested in Lee et al. [4] . Knowledge is a critical factor of business competitiveness and future value of a firm, so the KM performance will influence a firm's stock price. In this knowledge intensive era, the higher a firm's KM performance is, the higher its price earnings ratio is. Within an organization, the R&D department is usually the most knowledge intensive department, so R&D expenditure positively influences the KM performance. Thus, stock price, price earnings ratio, and R&D expenditure are important indicators of the KM performance.
In the third level of the hierarchy there are five subcriteria terms as dimensions of the model, which support all the indicators at the second level relative to KM performance. These are knowledge creation (KC), knowledge accumulation (KA), knowledge sharing (KS), knowledge utilization (KU), and knowledge internalization (KI), and they were defined as the knowledge circulation process in Lee et al. [4] . Knowledge creation is a continuous, self-transcending process through which one transcends the boundary of the old self into a new self by acquiring a new context and new knowledge [48] . The key to knowledge creation lies in the way it is mobilized and converted through technology [49] . To measure knowledge creation, two constructs are needed: task understanding and information understanding. The knowledge accumulated in firms plays an important role in eliminating obstacles and insufficiencies and in improving management performance. However, if knowledge created through management activities is not accumulated systematically, then it cannot be beneficial for future decision-making needs. An instrument to assess knowledge accumulation uses three constructs: database utilization, systematic management of task knowledge, and individual capacity for accumulation. Knowledge sharing promotes diffusion of knowledge and also contributes to making the work process astute and knowledge-intensive. An attempt at knowledge sharing is only valuable if one's views differ from that of the other parties, since one learns nothing from total homogeneity of view [50] . The degree of sharing knowledge depends on constructs such as core knowledge sharing and knowledge sharing. Knowledge utilization can occur at all levels of management activities in firms. One of the popular forms of knowledge utilization is to adopt the best practice from other leading organizations, uncover relevant knowledge, and apply it.
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Knowledge utilization depends on two constructs: degree of knowledge utilization in the organization and the knowledge utilization culture. Knowledge internalization is the process of embodying explicit knowledge into tacit knowledge [48] . Knowledge internalization may occur when individual workers discover relevant knowledge, obtain it and apply it. Thus, internalization may give rise to new knowledge. In this way, it provides a basis for active knowledge creation. Knowledge internalization can be measured by three constructs: capability to internalize task-related knowledge, education opportunity, and level of organizational learning.
The fourth level of the hierarchy consists of the case firm and its major rivals. The most important task of KM performance measurement, comparing with major rivals, will be initiated here. The opinion of the expert team members will be sought in the comparisons of the relative importance of the criteria and the formation of pairwise matrices to be used in the ANP model. The results of all three indicators and five knowledge circulation process components will be used in the calculation of the KM performance measurement overall weighted index, which indicates the scores assigned to the case firm and its major rivals. The strength of the ANP model is the feedback function. We can compare the case firm with its major rivals through the overall KM performance and each component of the knowledge circulation process. We can also rank the performance of each component of the knowledge circulation process within the case firm or for each major rival of the case firm.
Pairwise comparison matrices of interdependent levels
In the ANP, as in the AHP, pairwise comparisons of the elements in each level are conducted with respect to their relevant importance regarding the control criterion. In this step, the members of the expert team are asked to respond to a series of pairwise comparisons where two components at a time are compared with respect to an upper level 'control criterion'. These comparisons are made so as to establish the relative importance of the determinants in achieving the overall objective. In such pairwise comparisons, a 1-9 scale (see Appendix A) is used to compare two options. The numerical values representing the judgments of the comparisons are arranged in a matrix for further calculations. Notationally, the comparison matrix A for comparing n elements is A = [a ij ] (where a ij =1/ a ji , a ii = 1, 1 ≤ i ≤ n, and 1 ≤ j ≤ n). Once the pairwise comparisons are completed, the local priority vector w is computed as follows [42] :
where A is the matrix of the pairwise comparisons, W is the matrix of the weights, and λ max is the largest eigenvalue of A . This is a two-stage algorithm that involves forming a new n × n matrix by dividing each element in a column by the sum of the column elements and then summing the elements in each row of the resultant matrix and dividing them by the n elements in that row [51] . This is the process of averaging over normalized columns, and is represented as w i , see equation (2). (2) where: w i = the weighted priority for component i; I = index number of rows (components); J = index number of columns (components).
In the evaluation process there may occur a problem in the consistency of the pairwise comparisons. To check the consistency, we may calculate the consistency ratio, CR, as follows: (3) where (4) RI is the random consistency. Selection of an appropriate value of random consistency ratio for a matrix size uses Table 2 . As the value of CR is less than 0.1 the judgments are acceptable. Now, the Expert Choice software can calculate the value of CR automatically.
KM performance calculation
The next step of the process is to calculate the KM performance. The KM performance calculation is composed of the supermatrix formation and the calculation of the 'desirability index'. The supermatrix is a partitioned matrix in which each submatrix consists of a set of relationships between two
levels in the graphic model. Raising the supermatrix to the power 2k + l, where k is an arbitrarily large number, allows convergence of the interdependent relationships between the firms and the components of the knowledge circulation process.
Analyzing KM performance
The overall KM performance analysis for the firm depends on the calculation of the 'desirability index' for a firm i (Di). The equation for Di is defined by equation (5) [52]:
where: P j is the relative importance weight of KM performance indicator j; A kj is the relative importance weight of the component k of the knowledge circulation process on the KM performance indicator j; B kj is the stabilized relative importance weight of the component k of the knowledge circulation process on the KM performance indicator j; S ikj is the relative performance score of firm i on the component k of the knowledge circulation process for the KM performance indicator j; K is the index set of component k of the knowledge circulation process; and J is the index set of the KM performance indicator j.
The calculation of the 'desirability index' is the final calculation. Using the results of the KM performance calculation, we can analyze the KM performance within the case firm and compared to its major rivals. The implications of the results will be useful for the case firm's KM and its decision making.
An automated machine-manufacturing firm example
A decision group
The proposed methodology was practiced in an actual automated machine-manufacturing firm (the case firm). The mission of the case firm followed a government policy to invest in the development of industrial automation, its design and its creation, because automation could solve the shortage of labor and help industry to improve quality, shorten delivery time, improve its adaptability to fit market demands, and create a competitive edge in the global market.
This case experience is intended to help explain the advantages and disadvantages of the methodology for KM performance measurement from a practical point of view. In the ANP approach, the accuracy of the results in pairwise comparisons depends on the expertise of the expert involved. As a result, organizing an experienced expert team with the appropriate expertise is critical. The case firm has about 700 employees, operates in a competitive environment, and is a rapid growth firm. An eightmember decision group was organized in the case firm: the general manager, the vice-general manager, the marketing manager, the financial manager, and four professional consultants from the industry and academia. The case firm's managers involved in the decision group all have over 15 years' experiences in their jobs and have also attended several KM-related training programs. The four professional consultants were Dr Huang and Dr Chen, who are the authors of this paper and have focused their research on this field for several years, and two experienced CEOs in the case firm's industry. The manpower also included a staff team composed of 10 educated employees of the case firm to support data collection and paper work. The mission of the decision group was to measure the KM performance within the case firm and between the case firm and its major rivals in order to obtain effective information to support decision making and strategic planning. The implementation and the analysis of the ANP approach in this case firm are presented in the following steps.
Implementation and analysis of the ANP approach
Step 1: model construction and problem structuring
To collect the data, identify the relevant attributes of the problem and determine their relative importance in the decision-making process, several brainstorming sessions and extensive discussions were held in the decision group. In the initial meetings, the group had identified the motivation, the objective, the framework, and the method of KM performance measurement. The decision group adopted stock price, PER, and R&D expenditure as KM performance indicators relative to the KM performance measurement and knowledge circulation process components (knowledge creation, knowledge accumulation, knowledge sharing, knowledge utilization, and knowledge internalization) as the KM subcriteria under KM indicators and KMPM (Knowledge Management Performance Measurement). Three key rivals of the case firm were identified to construct the ANP model (see Figure 1) . After six weeks' (tangible and intangible) data collection and classification, the pairwise comparisons relevance meetings were held to measure KM performance using the ANP approach. In the following steps, each member of the decision group was asked to respond to a series of pairwise comparisons where two elements at a time were compared with respect to an upper level 'control' criterion. These comparisons were made so as to establish the relative importance of the criteria in achieving the objectives of the case firm's KM performance measurement.
4.2.2.
Step 2: pairwise comparisons of three KM performance indicators In the beginning, the pairwise comparisons between three KM performance indicators were made. Table 3 presents the KM performance indicators pairwise comparison matrix for KM performance measurement by integrating the responses from the eight members of the decision group. For the pairwise comparison, the question asked to the members of the decision group was: 'What is the relative impact on the KM performance measurement by KM performance indicator a compared to indicator b?' From Table 3 , it can be seen that R&D expenditure is viewed as being much more important than stock price and the PER is more important than R&D expenditure. The e-vectors (also referred to as the local priority vector) are the weighted priorities of the KM performance indicators and are shown in the last column of the matrix. The price earning ratio is the most important KM performance indicator (e-vector = 0.540). These e-vectors are used in Table 11 for the calculation of the KM performance measurement overall weighted index for the case firm and its major rivals. From Table 3 , the results of the comparisons (e-vectors) of the KM performance indicators for the KM performance measurement are shown as P j in Table 11 . In Table 3 , the value of CR = 0.01, calculated automatically by Expert Choice software, is less than 0.1 and acceptable. Table 4 shows the pairwise comparison matrix for the stock price under the KM performance measurement. In Table 4 , the relative importance of KU when compared to KC with respect to stock price, in achieving the KM performance measurement, is 3. It is also observed that the KU component has the maximum influence (e-vector = 0.513) on the stock price in evaluating the performance of KM. Similarly, KI has the least influence (e-vector = 0.033) on stock price in evaluating the performance of KM. The number of such pairwise comparison matrices depends on the number of KM performance indicators. Thus, three pairwise comparison matrices for three KM performance indicators are formed, and each matrix involves 10 pairwise comparisons. The e-vectors obtained from these matrices are imported as A kj in Table 11 . In Table 4 , the value of CR = 0.05 where less than 0.1 is acceptable.
4.2.4.
Step 4: pairwise comparisons of firms Pairwise comparisons are made for the relative impact of each of the firms on the knowledge circulation process components influencing the knowledge indicators and KMPM. One such comparison matrix is shown in Table 5 . It represents the result of the KMPM-stock price cluster with knowledge creation as the control knowledge circulation process component for the firms. The questions asked of the members of the decision group for evaluating the firms were: 'When considering knowledge creation with regard to the increasing stock price, what is the relative impact of firm a compared to that of firm b?' and, 'For example, when considering knowledge creation and the increasing stock price, what is the relative impact on the case firm compared to that on rival 3?' From Table 5 , it is observed that rival 3 (evector = 0.544) has a maximum impact on the KMPM-stock price cluster with knowledge creation as the control knowledge circulation process component over the case firm and the other rivals. It is also observed that the impact of rival 2 is minimal (e-vector = 0.048). Therefore, rival 3 is the strongest competitor for knowledge creation in the KMPM-stock price cluster for the case firm. For a KM performance indicator there will be five such matrices and 30 pairwise comparisons at this level of relationship. For a knowledge circulation process component such as knowledge creation, there will be three such matrices from three clusters: the KMPM-stock price cluster, the KMPMprice earnings ratio cluster, and the KMPM-R&D expenditure cluster. Thus, e-vector matrix A for the knowledge circulation process component among the firms, for the stock price, is formed and shown in Table 6 . From Table 6 , it is observed that rival 3 has the highest e-vector values in KC (e-vector = 0.544), KA (e-vector = 0.589), and KI (e-vector = 0.657) and the case firm has the highest e-vector values in KS (e-vector = 0.558) and KU (e-vector = 0.669). Summarily, we can say that rival 3 is the strongest competitor to the case firm in KC, KA, and KI.
4.2.5.
Step 5: pairwise comparisons of the knowledge circulation process components among the firms The local priority weights for the relative impact of the knowledge circulation process components for each firm are now determined. An example of the impact on the case firm of various knowledge circulation process components is shown in Table 7 . Notice that knowledge utilization (e-vector = 0.517) will influence the case firm more than any of the other components. It must also be observed that the impact of the knowledge internalization on the case firm is minimal (evector = 0.037). Each of the four firms will have as a result an e-vector of priority weights, and together these vectors form matrix B, as shown in Table 8 . From Table 8 , it is observed that KC (evector = 0.576) will influence rival 3 more than the other components of the knowledge circulation process.
4.2.6.
Step 6: supermatrix formation The next step of the ANP process is to form the supermatrix. The supermatrix is a partitioned matrix, where each submatrix is composed of a set of relationships between two levels in the graphic model (see Figure 1 ). In this model, there are three supermatrices for three indicators of the KM performance hierarchy network, which need to be evaluated. One such supermatrix X, shown in Table 9 , displays the results of the relative importance measures for each of the firms for each component of the knowledge circulation process for the stock price indicator of the KM performance measurement. The matrix A in Table 6 and the matrix B in Table 8 are combined to form the supermatrix X shown in Table 9 . Raising the supermatrix to the power 2k + l, where k is an arbitrarily large number, allows the convergence of the interdependent relationships between the firms and the knowledge circulation process components [53] . The long-term stable weighted values are shown in Table 10 . According to Table 10 , the relative importance weights for the various knowledge circulation process components for the firms are 0.341, 0.164, 0.095, 0.285, and 0.115, respectively. The relative performance scores for various firms on the knowledge circulation process components are 0.388, 0.123, 0.045, and 0.444, respectively.
4.2.7.
Step 7: KM performance calculation The KM performance measurement compared with those of the major rivals depends on the outcome of the 'desirability index', see equation (5) . The values in Table 11 , showing the desirability indices for the firms' KM performance measurement, can be calculated by equation (5). This is based on the KMPM hierarchy using the relative weights obtained from the pairwise comparison of firms, components, indicators, and weights of knowledge circulation process components from the converged supermatrix. These weights are used to calculate a score for the KM overall weighted index (KMOWI) for each of the firms being compared. In Table 11 , the values of the second column are imported from Table 3 , which are obtained by comparing the relative impact of the indicators on the KMPM. The values of the fourth column are from the pairwise comparisons of the knowledge circulation process components for the knowledge indicators and the KMPM. We also put the stable independent weights of the knowledge circulation process components obtained through the converged supermatrix (Table 10 ) in the fifth column of Table 9 Supermatrix X Table 11 . These results indicate that the case firm with a value of 0.129971 has the maximum score and that competitor 3 with a value of 0.104235 is in second place in KMPM. Therefore, from the overall KM performance analysis, competitor 3 is the first competitor for the case firm in KM and rivals 1 and 2 are the second and third competitor, respectively. Table 12 , which is extracted from Table 11 , provides the information for the KMPM analysis through five knowledge circulation process components for the firm. Although the case firm's ranking in KMOWI is the best, from Table 12 it is evident that rival 3 is superior to the case firm at KC, KA, and KI and even rival 1 is superior to the case firm at KA. Thus, it is suggested that the case firm should improve its task understanding and information understanding for knowledge creation, and enhance its capability to internalize task-related knowledge, education opportunity, and its level of organizational learning. Knowledge accumulation is the case firm's weakest component, so the case firm has to reinforce its database utilization, its systematic management of task knowledge, and its individual capacity for accumulation in the KM process. The case firm has a better performance than its major rivals in knowledge sharing and knowledge utilization which can occur at all levels of management activities in firms. In particular, the case firm is outstanding at knowledge utilization because the case firm has the best practice for knowledge utilization in a positive knowledge utilization culture.
Matrix
Discussion and implications
The main contribution of this research lies in the development of a comprehensive model, which incorporates diversified issues for conducting KM performance measurements for comparing any firm with its main competitors. The proposed model considers three indicators for conducting KM performance measurement: stock price, price earnings ratio, and R&D expenditure. The proposed ANP model in this paper not only guides the decision group for the efficient conduct of KM performance measurement, but also enables them to visualize the impact of various criteria when arriving at the final results. In addition, the interdependencies among the various criteria can be effectively captured using the ANP technique, something which has rarely been applied in the context of KM performance measurement for comparing with major competitors.
For the case investigated in this study, the results indicate that competitor 3 is the main competitor of the case firm and competitors 1 and 2 are the second and third, respectively. KM performance comparisons may be attributed to the knowledge circulation process components: knowledge creation, knowledge accumulation, knowledge sharing, knowledge utilization, and knowledge internalization. From Table 10 , in which the values are stable weighted, KC (e-vector = 0.341) is the most and knowledge utilization (application) are the crucial characteristics of automated machine-manufacturing firms. Table 12 shows the KMOWI for the firms. From this table it can be seen that the case firm has the highest score in KMOWI, which means that from an overall point of view the case company is superior to each of its major rivals for overall KM performance measurement. It is also evident that rival 3 is superior to the case firm at KC, KA, and KI and that even rival 1 is superior to the case firm in KA. Thus, it can be said that the case firm's weakest component is knowledge accumulation, and consequently it will be necessary for the case firm to promote its capacity of knowledge accumulation in the KM process. Furthermore, the case firm also needs to enhance its performance of knowledge creation and knowledge internalization since it is lagging behind in that regard compared to rival 3.
During the implementation of the proposed approach, the decision group had difficulties in making pairwise comparisons because of incomplete data. Usually the data are impossible to collect completely. Under these conditions, the members of the decision group have to answer the pairwise questions based on their experience and judgment. However, ANP is a multi-attribute decisionmaking approach based on reasoning, knowledge, experience, and perceptions of experts in the field [51] . The case firm managers fully agreed with the proposed ANP approach as a systematic decision-making tool and they were satisfied with the results. In this paper, we adopted stock price, price earnings ratio, and research and development expenditure as the indicators of KM performance. In different situations, other terms such as market share, return on investment, and so forth may be considered as indicators.
Conclusion
As the era of knowledge economics is emerging, the importance of KM performance is gradually increasing. The question of how to measure a firm's KM performance is becoming increasingly important as time goes by. However, most of the metrics and methods of knowledge measurement that have been developed are focused on measuring the knowledge within the organization, which in practice limits their effectiveness because the most important task of KM performance measurement is the comparison of a firm with its main competitors. Therefore, this paper proposed a methodology of comparing a firm's knowledge management performance with that of its major rivals using the analytical network process (ANP) to obtain a clear indication of how to obtain a competitive advantage. The methodology in this study was designed to provide a detailed comparison of a firm's KM performance against its major rivals', and then provide effective information for improving its KM and increasing its quality of decision making. The results obtained by exploring the case firm involved a lot of findings that showed the competitive position of the case firm compared to its major rivals and implied that the case firm needed to upgrade its knowledge creation and internalization to catch up with its major competitor. We can conclude that our proposed method is generic in nature and is applicable to benefit any firm. For long term observation and analysis of KM performance among the case firm and its major competitors, a successive KM performance measurement analysis will be necessary. In the future, several forecasting techniques may be used, such as the integration of the methodology used in this study with time series analysis, to predict and analyze the future trends for comparing each of the components of the firms' KM performance with that of its major rivals. Moreover, we can also integrate the ANP approach with data envelopment analysis methodology to evaluate the relative KM performance of a number of major rivals.
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